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Exceptionally rare flood events may have an 
annual exceedance probability (AEP) of 0.0001 
or even lower; meaning the average recurrence 
interval may be 10,000 or more years. 

Yet, estimation of these flood-flow frequencies 
is needed to accurately portray risks to critical 
infrastructure, such as nuclear power plants



Standard methods for statistical estimation of 
flood frequency rely on the systematic streamflow 
records (few of which extend beyond 125 years). 

Uncertainties are large when trying to extrapolate 
magnitudes of extremely rare events. 

The addition of historical and paleoflood data can 
help extend the records of floods.



An additional complication for flood-frequency 
analysis is the underlying assumption that the 
flood series is stationary —

data are stationary, independent and identically 
distributed, and lack any long-term persistence or 
autocorrelation. 



 Nonstationarity refers to annual peak-flow 
values whose mean, variance, or distribution 
changes either gradually or abruptly over 
time. 

 Nonstationarities may be attributed to one 
source (regulation, land-use change, climate), 
but often times are the result of a mixture,  
making detection difficult.

 Random variation at a site can be “detected” 
as a nonstationarity.



As more information becomes available 
through historical and paleo records, there 
have been questions about whether the 
hydrologic system ever was stationary. 



Razavi and others, 2015, Toward understanding 
nonstationarity in climate and hydrology through 
tree ring proxy records, Water Resources 
Research, 51, 1813–1830, 
doi:10.1002/2014WR015696.

“Results demonstrate that the 89 
year  period of observational record 
in this region is a poor 
representation of the long-term 
properties of the hydrologic 
regime, and shorter periods, e.g., 
30 years periods, are by no means 
representative.”

Kolars and others, 2016, Stochastic model for simulating 
Souris River Basin precipitation, evapotranspiration, and 
natural streamflow: U.S. Geological Survey Scientific 
Investigations Report 2015–5185, 55 p., 
http://dx.doi.org/10.3133/sir20155185.
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PeakFQ and Expected Moments Algorithm

• Nonstandard flood data may be used with PeakFQ and the 
expected moments algorithm (EMA), including flood interval 
estimates and flood thresholds.

• For years with missing data in which some flood information 
is known, perception thresholds may contribute to additional 
information about the frequency of large floods. 

• These thresholds are used to describe knowledge about a 
particular year or series of years for which a particular value 
would have been observed or recorded if it has occurred.



 Information that could be converted to a 
streamflow estimate 
 Interval estimate indicating flood was between 5,000 

and 7,000 cfs
 Estimate indicating flood was greater than 8,000 cfs

(such as when a bridge was overtopped and one can 
estimate a gage height-streamflow relation)

 Estimates indicating floods of size X have not 
occurred for Y number of years

 Estimates indicating flood less than a value 
(qualification code 4)



 Peaks that occur within the human record, 
but outside of a systematic gaging record.
 Newspaper accounts
▪ Flood overtopped a bridge by X feet
▪ Flood was the highest since 1876 according to “old-

timers”
▪ Flooding reached First Street

 These are often biased toward large floods, 
but not to be confused with the largest flood 
in “history”



 Red River of the North at Winnipeg, Manitoba
 Long-term gage
 Three large historic flood point estimates determined 

by Canada Department of Resources and 
Development

 Historic flood interval estimates determined by 
historian based on Provincial records, Hudson’s Bay 
Company diaries, and other sources 

 Tree-ring based flood estimates
 Tree-ring based flood threshold and indicator that 

largest flood in 350 years was in 1826



 Paleofloods refer to those that occurred 
before a human record and are determined 
using geologic and physical evidence.
 Changes to flood plains and terraces
 Slackwater deposits
 Flood bars
 Tree scars, tree ring anomalies, tree age
 Erosional scars





Red River of the North at Winnipeg, Manitoba, Canada



 Search for nonstationarities
 Autocorrelation/serial correlation
 Change points/step trends
 Trends





 One implication is that the effective length of 
the record is not as long as it appears—there 
is redundancy in the information. 

 Burn and Goel (2001) analyzed 117 years of 
record for this site and determined that it was 
equivalent to an independent record of 45 
years. 

 Autocorrelation has the effect of increasing 
the uncertainty of flood-frequency estimates. 





 Change points are a violation of the independent 
and identically distributed data assumption. 

 PeakFQ can identify potentially-influential low 
floods (PILFs; small values that would have a large 
influence on the fit of the flood-frequency 
distribution), censor them,  and then focus the 
distribution  fit on the larger floods. 



At least some of the floods from the period of 
relatively lower flows for the Red River may be 
identified as PILFS, discounting this period in 
the flood-frequency analysis.





 In this case, confounded by short and long-term persistence 
(Nature is Trendy, Hurst phenomenon).

 Is the trend real?
 Persistence violation of Mann-Kendall

 Many modifications to Mann-Kendall to adjust for 
persistence
 Tested these on the Red River, indicated that 

there is persistence and a significant trend.
▪ Do we have a long enough period of record to really say 

there is a trend?



Flood-Frequency Analysis
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Scenarios
1. systematic peaks (standard at-site analysis); 
2. wet period of 1948-2016, based on the change-

point analysis;
3. most recent 30 years of data;
4. systematic and historic peaks and interval 

estimates; and 
5. systematic and historic peaks, historical and 

paleo-derived estimates, and paleo-derived 
thresholds.
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 Nonstationarities – active area of research, 
but no good solution

 Paleo data may help put bounds on very low 
AEPs

 Paleo data may increase uncertainties – can 
appear to come from a different population

 In addition to all the statistical assumptions, 
you are making assumptions about the 
channel and climate.
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